is; traditionally; used in several countries to control hyperglycemia [4] . Despite these of these advantages, the C. tinctoria flowering tops constitute is a poorly studied matrix. However, few studies were conducted recently have in terms of its chemical composition with the promotion of glucose tolerance [5] .
On the other hand, the importance of glutamic acid lies on the synthesizing of the auxin and fruit set [6] . Several investigations proved that amino acids can either directly or indirectly influence the physiological activities on the growth and the development of plants. According to these investigations, the foliar application of amino acids induces an enhancement in plant growth and fruit yield. Besides, the maintenance of protein component is regulated in garlic [7] , cucumber [8] and sweet pepper [9] . In a study by Neeraja et al. [10] , they noticed an increase in the number of flowers, fruit setting and fruit yield of tomatoes due to the amino acids application. On the other side, addition of amino acids did not affect the fresh weight of the shoot and root of the plant [11, 12] . It was then concluded that spraying amino acids is effective on growth and yield of strawberry. The requirement of amino acids nitrogen in essential quantities for the purpose to increase the growth and the yield for all crops is well documented for all crops. In addition, amino acids and/or nitrogen are the essential ingredients for the protein synthesizing process. The importance of amino acids or nitrogen is attributed to their widely use for the bio-synthesizing of great varieties of non-protein nitrogenous materials i.e., pyrimidine bases, pigments, coenzymes, Purine and vitamins [9] .
The purpose of the present study is to investigate the effect of glutamic acid on the chemical constituents, growth, and flowering of Coreopsis tinctoria nutt plants. In addition, the effect of water reuse in irrigation on the studied plant was also investigated. For this purpose, three types of wastewater treated effluents were employed for irrigating this Coreopsis tinctoria Nutt Plants.
Materials and Methods
The present experiments were conducted at the "Training Demonstration Center (TDC)", National Research Center, Cairo, Egypt. The study was carried out in pot experiments, and the experimental work continued from 20 November 2015 till 20 July 2016 and from 25 November 2016 till 25 July 2017. The aim of this investigation is to study the response of Coreopsis tinctoria plants to glutamic acid grown under the influence of irrigation with treated municipal wastewater.
Real municipal wastewater is separated into black (B), grey (G) and yellow (Y) water segregated and collected from one house across the Training Demonstration Center (TDC) site in the National Research Center (NRC), Cairo, Egypt. This house comprises of two separated sides. Each side consists of five apartments. One side is presently connected to the TDC site as separated B, G and Y water manholes. The source of blackwater (B) is the toilet including faeces, urine and the flushing water. On the other hand, the collected greywater (G) includes wastewater from bath, showers, hand wash basins, washing machines, dishwashers and kitchen sinks. Description of the different treated wastewaters that are used in this study is as follow:
Black water (1) [treated wastewater 1] is the treated black water using membrane bioreactor (MBR). Full description of the procedure is given in Abdel-Shafy and El-Khateeb [13] Black water (2) [treated wastewater 2] is the treated black water using hybrid (namely horizontal followed by vertical flow) constructed wetlands. Details of the experiments and results are shown in Abdel-Shafy et al. [14] Greywater (1) [treated wastewater 3] is the treated greywater using different hybrid treatment processes for handling the grey water for unrestricted reuse. The treatment system consists of sedimentation that was enhanced by Effective Micro-organism (EM) followed by aeration. The purpose is to reach the unrestricted water reuse. The final treated effluent could cope with the permissible limits of the unrestricted water reuse according to ''Egyptian Guideline'' regulations. Details of this study, the experiments and results are shown in Abdel-Shafy et al. [15] The physical and chemical characteristics of the three types of the treated wastewater are given in Table 1 .
For cultivation of the plants, plastic pots size 30 cm in diameter and 30 cm in depth were used. Each pot was filled with media containing peat and sand at the ratio of (1:1) by volume. Seedlings of Coreopsis tinctoria were kindly supplied by the Ministry of Agriculture, Ornamental Plants Research Centre, Cairo, Egypt. The experimental work was conducted in two seasons; each season consists of 16 treatments. In addition, four different treatments with glutamic acid were examined namely (0, 50, 100 and 150 ppm). Two months homogeneous seedlings of Coreopsis tinctoria were selected and transplanted on 20 and 25 November, respectively, for the studied two seasons. Phosphorus fertilizers as calcium superphosphate were added. The contents of this fertilizer are (16% P 2 O 3 ) at the rate of 4.0 g/ pot, calcium 4.0 g/pot as calcium nitrate (15.5% N) and 2.0 g/pot as potassium sulphate (48.5% K 2 O). This fertilizer was added in four different intervals namely, 4, 8, 16 and 20 weeks from transplanting seedlings. The irrigation by the treated wastewater was applied 15 days from time of transplanting. The quantity of the added water was adjusted to bring the soil moisture to field capacity by weighting pots and daily loss of water This study was conducted in complete randomized design with three replicates for each treatment. The irrigation was carried out with the 3 types of treated wastewater alone or in combination with the variable concentrations namely (1, 50, 100 and 150 ppm) of glutamic acid.
Eight months after transplanting and during the flowering stage, plant samples were collected random wise in three replicates from each set. The following data were recorded:
The present study was concerning also with the following: Plant height (cm), number of branches, number of leaves, stem diameter (mm), root length (cm), fresh and dry weight of shoots and roots (gm), number of flowers, flower diameter (mm), fresh and dry weight of flowers (gm). Meanwhile, fresh leaves (gm/plant) were collected to determine photosynthetic pigments (chlorophyll a, b and carotenoids). Furthermore, leave samples were collected and were oven dried at 70°C for the determination of nitrogen, phosphorus and potassium contents. In addition, metals including sodium, cadmium, copper, manganese, zinc and iron contents in Coreopsis tinctoria plants were determined according to Abdel-Shafy et al. [16] . The mean values of the determined data were statistically analysis using the completely randomized design in factorial arrangement [17] . The mean values of the studied treatments were compared using L.S.D. test at 0.05 level of probability [18] .
Results and Discussion

Physical and chemical characteristics of Reused treated wastewater
The characteristics of the three types of treated water are given in Table 1 . These results showed that the treatment systems were efficient to remove any hazard components from wastewaters. However, treated blackwater (1) contains higher level of nitrates and organic nitrogen. The rest of parameters were much closed to each other (Table 1) .
Growth parameters
Effect of glutamic acid Data presented in Table 2 showed that foliar application of glutamic acid on coreopsis tinctoria plants increased plant height, number of branches and leaves, diameter of stem and length of root significantly as correlated with control plants particularly at the 100ppm. The increments were (21.7, 68.7, 53.9, 35.3 and 31.4%) respectively compared with control plants. The positive effect of glutamic acid is that plant growth regulators may produce their effects within the part in which they were synthesized. It was stated that certain messengers called plant growth substances are generally like hormones in their action, controlled utilization of nutritional substances for a balanced coordinated development in plant body [19] . Growth regulators are used as natural compounds that are applied directly to the target plant for altering their life process or structure. The purpose is to improve quality and productivity of the plants. Furthermore, it facilitates harvesting. Similar increases in growth parameters resulted from amino acid treatments have been previously observed by several investigators and was exhibited by several plant species. Examples are on Codiaeum varigatum L. [19] , on Pelargonium graveolens plants [20] , on Salvia farinacea plants [21] and on Gladiolus grandflorum [22] . These investigators found that amino acids significantly increased vegetative growth. Table 2 exhibited the glutamic acid that affected on fresh and dry weight of shoots and roots /plant. The lowest (52.55 and 6.52 gm) fresh weight of both shoots and roots and (14.18 and 2.24 gm) dry weight of shoots and roots were obtained by the control plants. The highest values of these characters were obtained when 100 ppm glutamic acid was used. The values of fresh and dry weight were (123.02 and 36.17 gm) and (10.00 and 3.36 gm) for shoots and roots respectively. It was pointed out by Thom et al. [18] that amino acids provide plant cells with an immediately available source of nitrogen, which can be up taken by the cells more rapidly than inorganic nitrogen. In addition, Bidwell [23] stated that amino acids are known as the building blocks of proteins. In plants, amino acids serve in number of additional functions in regulating the metabolism, transport and storage of nitrogen [24] . In particular, it was observed in many systems that increased RNA synthesis accompanied growth, indicating that continuous protein synthesis was necessary during the growth. On the other hand, the response of vegetative growth to the application of amino acids were studies and their results are in good agreement with El-Fawakhry and El-Tayeb [25] on Chrysanthemum and Abdel-Aziz et al. [26] on Thuja orientalis plants and Abd El Al et al. [27] on squash plants. Table 3 represents the effect of using different quality of water on the vegetative stage as indicated by the mean values of the growth parameters. The results show that water surpassed both black water (2) and gray water on plant height, branches number, root length, fresh and dry weight of shoots and roots/ plant. However, stem diameter did not exhibit any significant differences. On the other hand, black water (2) was more effective in increasing flower number followed by black water (Blk-MBR). Treated greywater (Gry-CW) was more effective in increasing flower diameter compared with other types and untreated "control" plants. Meanwhile, Table 3 shows that the three types of treated wastewater induced an increase in both fresh and dry weight of the flowering stage significantly.
Effect of water type
Effect of interaction
The interaction between glutamic acid and the use of different types of treated wastewater on certain growth parameters were presented in Table 4 . In this respect the interaction exhibited the difference between the three types of water interacted with the chosen concentration of glutamic acid. The percentage was increased in plant height and branches number attained under the combined effect of 100 ppm glutamic acid and treated black water (1). The increments reached 19.7 and 72.9%, respectively over the control plants (Table 4) . Meanwhile, the reduction percentage on the previously mentioned parameters reached 19.5 and 45.1%, respectively in correlation with the control. The study was extended to record the effect of irrigation with greywater in combination with 30 ppm glutamic acid, in one hand, and with blackwater (2) in combination with 150 ppm glutamic acid, on the other hand. In addition, the combined effect of 100 ppm glutamic acid and blackwater (2) reached the highest increments of leaves, stem diameter, root length, and fresh and dry weights of shoot, namely (151.5, 47.2, 68.9, 215.9 and 253.7%), respectively in comparison with the control one. The lowest values were exhibited by the single treatment of gray water.
Flowering
Effect of glutamic acid Glutamic acid exhibited positive effect on the flower parameters (number of flowers, flower diameter, fresh and dry weights of flowers). The data recorded in Table 2 The favorable effect of such treatment may be due to its effect on branches number which increased due to this treatment (Table 2) . In this respect, the stimulatory effect of the amino acids were found to be correlated with the increase in content and activity levels of endogenous promoters particularly gibberellins and IAA. The later are known to promote linear growth of plants organs [28, 29] . The present results are compatible with those obtained by Wahba et al. [30] on Amtholyza acthipoica and El-Fawakhry and El-Tayeb [25] on chrysanthemum. They found that foliar application of amino acids led to increment of flowering parameters and produced a high quality of inflorescences. Table 3 showed that at flowering stage, the blackwater (2) surpassed both blackwater (1) and graywater (GW) in number of flowers/ plant. When GW was used for irrigation, the highest values of flower diameter namely 4.4cm were obtained. With regard to the effect of three water type for irrigation on fresh and dry weight of flowers, it is clear from data that irrigation with blackwater (1) increased fresh and dry weight of flowers/ plant significantly. The increments were (127.8 % and 150.0%) respectively, as compared with control plants.
Effect of water type Data in
Effect of interaction
The effect of interaction on number of flowers, flowers fresh and dry weight was studied. Results in Table 4 showed that employing treated blackwater (1) combined with the 50 ppm glutamic acid was more effective in increasing the studied parameters to 128.3, 361.1 and 450.0% respectively, compared with untreated plants (Table 4 ). The flower diameter increased significantly when plants were treated with treated greywater (Gry-CW) combined with 50ppm glutamic acid. It reached 92.5% as compared with control plants (Table 4) .
Chemical constituents
Photosynthetic pigments Effect of glutamic acid Data in Table 5 showed that photosynthetic pigments were affected by glutamic acid application on Coreopsis tinctoria plants.
Increasing concentration from 50ppm up to 100 ppm gave higher values for chlorophyll a, total chlorophylls and carotenoied, namely 1.572, 2.026 and 0.235 mg/g, respectively. While the highest concentration decreased chlorophyll a, b and total chlorophylls. Nevertheless, the concentration of 150 ppm exhibited the highest carotenoieds mean value. The previous studies proved that amino acids can directly or indirectly influence the physiological activities of the plant. These results are in good agreement with that reported by other investigators [7, 31] .
Effect of water type Data (Table 6 ) indicated that blackwater (1) gave the highest mean values for chl. "a" and total chlorophylls followed by graywater. Meanwhile, chl. b and carotenoids increased to 0.483 and 0.252 mg/g respectively as watered with treated greywater. The lowest values for photosynthetic pigments were recorded as the system was watered with treated blackwater (2) .
Effect of interaction between water type and glutamic acid
Results are illustrated in Fig 1. It is evident that both blackwater (1) and blackwater (2) in combination with 100ppm glutamic acid were affected positively on chl. a, b and total chl. The control one showed lesser effect (Fig.1) . On the other hand, the interaction between Blackwater (1) and 150ppm glutamic acid was more effective (Table 7) .
Macronutrients percentage and uptake
Effect of glutamic acid Figure 2 showed the chemical properties of N, P, K and Na% and the uptake of Coreopsis tinctoria plants. Figure 3 illustrates the effect of variable glutamic acid concentration in combination with reusing different types of treated wastewater on the plant uptake of N, P, K and Na as (g/plant). The given results showed that the uptake of N, P, K and Na% were influenced by the foliar spraying of glutamic acid during the two studied seasons ( Table 7 ). The highest concentrations of glutamic acid increases the percentage and uptake of N and P compared with untreated plants. The uptake of N and P increments were (34.4 and 163.6%) and (117.8 and 350.0%), respectively compared with controlled plants. The application of glutamic acid at rate of 100 ppm induced a promotion effect (i.e. increasing the uptake of K). The lowest concentrations of glutamic acid led to an increase of the Na percentage. On the contrary, the uptake of Na increased when plants were treated with glutamic acid at 100 ppm. The accumulation of photosynthetic pigments as a result of these nitrogen compounds may be attributed to the important role of nitrogen in the biosynthesis of chlorophyll molecules according to Meyer et al. [32] . These results (Table 7 ) are in agreement with those obtained by other investigators [33] . They found that foliar application of amino acids increased the level of total nitrogen, total phosphorus and total potassium on rosemary plants. Such increments led to the quantitative changes in amino acids and specific proteins that are affected positively in cell division and cell elongation on carnation plants [33] . Meanwhile, Davis [34] clarified that amino acids as organic nitrogenous compounds are the building blocks in synthesis of proteins which formed by a process in which ribosome catalyze the polymerization of amino acids. Tables 3 and 4 showed that the highest values of N and P % were obtained by using blackwater (2) . On the other hand, the use of treated grey-water for irrigation led to the increase the K and Na % compared with control plants. Furthermore, the uptake of N, P and Na was increased by the irrigation with blackwater (1). Nevertheless, the highest values of K uptake was obtained when plants was irrigated with treated grey-water. All results were compared with control plants.
Effect of water type Data in
Effect of interaction
It is clear from Fig. 2 & 3 that the highest uptake of N and P% was achieved when plants were irrigated with Blk-MBR water in combination with 150 ppm glutamic acid and Blk-CW water combined with 100 ppm glutamic acid compared with the controlled one. Meanwhile, irrigating the plant with Gry-CW in combination with 150 ppm or 100ppm glutamic acid led to increase the uptake of K % in the plant compared with the control plants. Furthermore, irrigating plants with Blk-CW in combination with 50 ppm glutamic acid caused an increase in the up of Na%. The same founding was obtained when Gry-CW combined with 100 ppm glutamic acid was examined.
Uptake of heavy metals by Coreopsis tinctoria plants as affected by the level of Glutamic acid Effect of glutamic acid
The effect of different glutamic acid concentration on the level of heavy metals namely available information for the relationship between amino acids and macro and micronutrients are limited. While micronutrients like (Fe, Mn and Zn) were reported to improve roots growth leading to greater absorbing capacity of the root surface and consequently increasing the nutrient uptake from the soil [35] . Such improvement could be reflected on increasing the dry matter accumulation through the improvement of photosynthesizing production and mobilization of plants [17, 36] .
Effect of water type
The data is illustrated in Fig. 4 as mg/kg. From these results it can be concluded that, during the study of the two seasons, blackwater (2) induced a marked increase in the level of Cd and Cu compared to the control plants. Meanwhile, Mn exhibited the highest level by irrigation with greywater. However, the observed increase in Zn and Fe resulted from blackwater (1). The effect of water type on micronutrients uptake is presented in Fig.5 as mg/plant. These results indicated that the highest values of Cd, Cu, Mn, Zn and Fe were obtained by irrigation with blackwater (1). The increments were (83.7, 45.7, 80.9, 80.4 and 79.8%), respectively compared with control plants (Table 7) . From Fig. 4 and 5, it can be concluded that employing 150 mg/l glutamic acid and irrigating with greywater caused the highest values of Cd, Cu and Mn. Moreover, irrigating plants with gray water type and + 100mg/l glutamic acid caused increase in Zn and Fe during the two studied both seasons. Furthermore, the combinations between glutamic acid at 100 mg/l and blackwater (2) were almost positive for the uptake of Cd, Cu, Mn, Zn and Fe ( Table 7) . The increments were 302.7, 251.8, 376.0, 232.4 and 228.7, respectively compared with control plants. These results confirmed that reuse of treated municipal wastewater can be considered as an additional water resources and safe for irrigation as confirmed by several investigators [37] [38] [39] [40] [41] [42] [43] [44] .
Effect of interaction
Coculusion
Glutamic acid and irrigation with three types of treated wastewater effluents individually induced favorable changes in Coreopsis tinctoria Nutt plants in terms of vegetation, flowering and chemical constituents.
Effluent of the treated municipal wastewater can be reused for irrigation safely without any side effect. Meanwhile, type of treatment has an important effect on the final characteristics of the treated wastewater, particularly the nutrient elements for the plant.
Thus it is recommended to treat the municipal CHEMICAL CONSTITUENTS, GROWTH AND FLOWERING OF COREOPSIS TINCTORIA ... wastewater in a way to preserve the nutrient elements as much as possible in case of reusing for irrigation.
Recommendation
Adequate treated wastewater can be reused safely as an additional water resources. The quality of the reused water depends mainly on the implemented treatment technology.
Glutamic acid is an efficient chemical to enhance the growth of plants.
The combination between treated wastewater and glutamic acid possess a great advantage for the uptake of nutrient elements by plants.
